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(54) RESIN COMPOSITION 

(57) A resin composition having excellent impact 
resistance and moldability, comprising a poly(ary!ene 
sulfide) (a), a polyolefin (b) and an epoxy group-contain- 
ing a-olefin copolymer (c). In the resin composition, (1) 
the poly(arylene sulfide) (a), the polyolefin (b) and the 
epoxy group-containing a-olefin copolymer (c) are com- 
pounded in proportions of 98 to 50 mass%, 1 to 25 
mass% and 1 to 25 mass%, respectively, (2) the poly- 
olefin (b) is at least one polyethylene resin selected from 
the group consisting of linear low density polyethylene 
and very low density polyethylene, (3) a mass ratio (b:c) 
of the polyolefin (b) to the epoxy group-containing a-ole- 
fin copolymer (c) is from 1 :5 to 5:1, and (4) the polyolefin 

(b) and the epoxy group-containing a-olefin copolymer 

(c) are respectively dispersed in the poly(arylene 
sulfide) (a) as fine particles having an average partide 
size of 0.10 to 3.00 jim. 
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resin composition having excellent impact resistance and moldability. When the poly(arylene sulfide) resin composition 
according to the present invention is subjected to extrusion in particular, extruded products of various forms such as 
tubes or pipes, plates and rods, which are excellent in impact resistance and extremely low in residual stress can be 
provided. 



w 



BACKGROUND ART 

Polyfarylene sulfides) (hereinafter abbreviated as "PAS") represented by poly(phenylene sulfide) (hereinafter 
abbreviated as "PPS") are used in wide fields such as electrical parts and automotive parts as engineering plastics 
excellent in heat resistance, chemical resistance, flame retardance, electrical properties, dimensional stability and the 
like. However, the PAS generally have involved drawbacks that they are poor in impact resistance, and their moldability 
is not always sufficient, so that their use may have been limited in some cases according to their applications. 

In order to improve the impact resistance of PAS. various proposals have heretofore been made. For example it 
has been known that when a fibrous filler such as glass fiber or carbon fiber is compounded into PAS. the impact resist- 
ance, rigidity, toughness, dimensional stability and the like of PAS are enhanced. However, PAS is still brittle even when 
the fibrous filler is compounded, so that the effect of improving physical properties cannot be sufficiently achieved 
Besides, in resin compositions in which a large amount of a fibrous filler has been compounded, their applications and 
moldability come to be limited. 

Therefore, there have been proposed resin compositions obtained by compounding an olefin copolymer composed 
of an a-olefin and a glycidyl ester of an cc.p-unsaturated acid into PAS (Japanese Patent Application Laid-Open Nos 
152953/1984. 189166/1984 and 153345/1987). However, when the olefin copolymer is compounded into PAS themelt 
viscosity of the resulting resin composition is increased, and so its moldability is lowered. In addition, it is difficult to 
achieve a sufficient effect to improve impact resistance. 

A resin composition obtained by compounding an epoxy group-containing olefin polymer and an elastomer into 
PPS has been proposed (Japanese Patent Publication No. 24388/1992). This resin composition is improved in melt 
flowability. However, die swell upon compounding becomes great, since the elastomer is compounded so that it is 
impossible to stably form a strand from the resin composition, and difficulty is hence encountered on pelletizing In addi- 
tion, it is difficult to obtain an extruded product such as a tubular formed product from this resin composition for the 
same reason as described above. 

There has also been proposed a thermoplastic resin composition obtained by compounding 0.1 to 100 parts by 
weight of (III) a thermoplastic resin of a multi-phase structure, which is composed of 5 to 95 wt.% of an olefin (copoly- 
mer and 95 to 5 wt.% of a vinyl (co)polymer obtained from at least one vinyl monomer, and in which one of the (copol- 
ymers forms a disperse phase having a particle size of 0.001 to 10 urn, into 100 parts by weight of a mixture [(I) + (II)] 
of 99 to 1 wt.% of (I) a polyolefin and 1 to 99 wt.% of (II) PAS (Japanese Patent Application Laid-Open No 
129245/1990). This publication discloses, as the thermoplastic resin of the multi-phase structure (III) a mixture or 
grafted product composed of 1 to 100 wt.% of a graft copolymer precursor (A) obtained by copolymerizing at least one 
vinyl monomer and a radical-(co)polymerizable organic peroxide in particles of an olefin (copolymer, 0 to 99 wt% of 
an olefin (copolymer (B). and 0 to 99 wt.% of a vinyl (copolymer (C), and also describes the use of an epoxy group- 
containing ethylene copolymer as the olefin (co)polymer. The resin composition described in this publication uses low 
density polyethylene, polypropylene or the like as the polyolefin (I). However, the resin composition in which such a 
polyolefin has been compounded is insufficient in the effect to improve impact resistance and involves a problem that 
when an extruded product such as a tubular formed product is formed from the resin composition, it has a high residual 
stress and tends to deform or stress-crack. 

so DISCLOSURE OF THE INVENTION 

It is an object of the present invention to provide a PAS resin composition having excellent impact resistance and 
moldability. 

Another object of the present invention is to provide a PAS resin composition from which extruded products of var- 
ious forms such as tubes or pipes, plates and rods, which are excellent in impact resistance and extremely low in resid- 
ual stress, can be obtained by extrusion. 

The present inventors have carried out an extensive investigation with a view toward overcoming the above- 
descnbed problems involved in the prior art. As a result, it has been found that a resin composition having excellent 
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impact resistance and moldability can be obtained by (i) compounding a polyolefin and an epoxy group-containing a- 
olefin copolymer in specific proportions into PAS. (ii) selecting and using at least one polyethylene resin selected from 
the group consisting of linear low density polyethylene and very low density polyethylene as the polyolefin, (iii) control- 
ling a compounding ratio of the polyolefin to the epoxy group- containing a-olefin copolymer within a range selected, 
and (iv) dispersing the polyolefin and the epoxy group- containing a-olefin copolymer in a PAS matrix in such a manner 
that average particle sizes thereof fall within specific ranges respectively selected. Extruded products such as tubular 
formed products obtained by using this resin composition feature that their residual stresses are extremely low. The 
present invention has been led to completion on the basis of these findings. 

According to the present invention, there is thus provided a resin composition comprising a poly(arylene sulfide) 
(a), a polyolefin (b) and an epoxy group-containing a-olefin copolymer (c), wherein 

(1) the poly(arylene sulfide) (a), the polyolefin (b) and the epoxy group-containing a-olefin copolymer (c) are com- 
pounded in proportions of 98 to 50 mass%, 1 to 25 mass% and 1 to 25 mass%, respectively, 

(2) the polyolefin (b) is at least one polyethylene resin selected from the group consisting of linear low density pol- 
yethylene and very low density polyethylene, 

(3) a mass ratio (b:c) of the polyolefin (b) to the epoxy group-containing a-olefin copolymer (c) is from 1 :5 to 5:1 , 
and 

(4) the polyolefin (b) and the epoxy group-containing a-olefin copolymer (c) are respectively dispersed in the 
poly(arylene sulfide) (a) as fine particles having an average particle size of 0.10 to 3.00 \xm. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Polvfcrvlene sulfide! (PAS): 

PAS useful in the practice of the present invention is an aromatic polymer having predominant recurring units of 
arylene sulfide represented by the formula [-Ar-S-] in which Ar means an arylene group. When a recurring unit [-Ar-S-] 
is defined as 1 mole (basal mole), the PAS used in the present invention is a polymer containing this recurring unit in a 
proportion of generally at least 50 mol%, preferably at least 70 mol%, more preferably at least 90 mol%. 

Examples of arylene groups usable include a p-phenylene group, a m-phenylene group, substituted phenylene 
groups (the substituent being preferably an alkyl group having 1 to 6 carbon atoms or a phenyl group), a p.p'-diphe- 
nylene sulfone group, a p.p'-biphenylene group, a p,p'-diphenylenecarbonyl group, a p.p'-diphenyleneether group and a 
naphthylene group. As the PAS, a polymer predominantly having only the same arylene groups may preferably be used. 
However, a copolymer having two or more different arylene groups may be used from the viewpoint of processability 
and heat resistance. 

Among these PAS, PPS having predominant recurring units of p-phenylene sulfide is particularly preferred because 
it is excellent in processability and industrially available with ease. Specific preferable examples of copolymers include 
random or block copolymers having recurring units of p-phenylene sulfide and recurring units of m-phenylene sulfide, 
random or block copolymers having recurring units of phenylene sulfide and recurring units of arylene ketone sulfide, 
and random or block copolymers having recurring units of phenylene sulfide and recurring units of arylene sulfone 
sulfide. These PAS are preferably crystalline polymers. Besides, the PAS are preferably linear polymers from the view- 
points of melt properties, toughness and strength. 

The PAS used in the present invention can be obtained in accordance with any known process in which an alkali 
metal sulfide and a dihalo-aromatic compound are subjected to a polymerization reaction in a polar organic solvent (for 
example, Japanese Patent Publication Nos. 3368/1970, 12240/1977 and 33775/1988). As examples of the alkali metal 
sulfide, may be mentioned sodium sulfide, potassium sulfide, lithium sulfide, rubidium sulfide, cesium sulfide and mix- 
tures thereof. The alkali metal sulfide may be prepared in situ in a reactor in accordance with a method known perse 
in the art. The alkali metal sulfide may be used as a hydrate or aqueous mixture, or in an anhydrous form. A small 
amount of an alkali metal hydroxide may be added to react alkali metal hydrosulfides and/or alkali metal thiosulfates, 
which are present in a trace amount in alkali metal sulfides, to react therewith, thereby remove these impurities or con- 
vert them into their corresponding sulfides. Among these alkali metal sulfides, sodium sulfide is industrially preferred 
because it is most cheap. 

As examples of the dihalo-aromatic compound, may be mentioned dihalobenzenes such as p-dichlorobenzene, m- 
dichlorobenzene, o-dichlorobenzene and p-dibromobenzene; substituted dihalobenzenes such as 2,5-dihalotoluene 
and 1-methoxy-2,5-dichlorobenzene; dihalonaphthalenes such as 1 ,4-dichloronaphthalene: dihalobiphenyls such as 
4,4'-dichlorobiphenyl and 3,3'<Jichlorobiphenyl; dihalobenzoic acids such as 3.5-dichlorobenzoic acid; dihalobenzophe- 
nones such as 4,4'-dichlorobenzophenone; and dihalophenyl ethers such as 4,4*-dichlorodiphenyl sulfone and 3,3*- 
dichlorodiphenyl ether. These compounds may be used either singly or in any combination thereof. Among these, 
dihalobenzenes are preferred from the viewpoints of economy and physical properties, with p<Jihalobenzenes such as 
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p^chlorobenzene being more preferred. As the dihalo-aromatic compounds, those containing a p-dihalobenzene in a 

res y at ,east 70 ^ morfe pre,erab,y at ieast 80 ■** - ^ 

In order to introduce some branched or crosslinked structure into the PAS. a small amount of a oolvhaloaromatie 

halo-aromatic compounds include trihalobenzenes such as 1.2,3-trichlorobenzene 1 2 ^romobenz ene 124 
trichlorobenzene. 1 ,2.4-tribromobenzene. 1 ,3.5-trichlorobenzene, 1,3,5-tribromobenzene ana ^Ts-aichlora s£o" 
mobenzene. alkyl-substituted trihalobenzenes. and mixtures thereof. Among tSZ^ASS^SSS^t 
» 1 - 2 ' 3 - triCh,0r0ben2e " e « Purred from the viewpoints* -^"^SJK^SJ: 

o ^ arati ° n ? rOCeSS ° f me PAS " a process - in •» alkali metal sulfide and the dihalo-aromatic comoound 

are subjected to a polycondensation reaction in a polar organic solvent containing ^X^S^SSS^S 
halo-aromatc compound if desired, is preferred. The water includes, for example water from a hSSS a^, S 
sulfide, water added, water formed by reaction and water from an aqueous J^Jl^Mm^^^^ 
0 organic amide solvents inc.ude an.de compounds such as N.N^imethylforS^^^^^ 

alkyl- or N-cycloalkyl pyrrolidone compounds such as N-methyl-s-caprolactam, N-methylX^rSdon^nd ' N 
cydohexy^- 2 - Py rro.,done : N.N<fialky.imidazolidinone compounds such asTs W^imtfa^ 
compounds such as tetramethylurea; and hexaalkylphosphoric triamides such as hexameVSohoSho;? 
JTrS n ' C am ! de | SO | ven ^ * used either singly or in any combination thenS. /SSKSS^J3SS 
vents. NMP ,s part.cularly preferred from the viewpoints of economy and stability. 

A ratio a/b of the number of moles, a of the dihaloaromatic compound charged to the number of mole* h of tho 
alkal, metal sulfide charged is controlled so as to fal, within a range of generally from ^5 1^1 T preJeXfrom 0^ 

per moiecuie is used, it is added to the polymenzation reaction system by adjusting its amount so as to fall within a 
range of generally from 0.0002 to 0.01 mole, preferably from 0.0004 to 0^)09 mole more^reTeSrfrom 0 XSTte 
0 007 mole, per mole of the alkali meta. sulfide charged, "me addrtion of the polyhaJoiro^^ 
enzation reaction system may be conducted either at the initial stage of the^olymerization or ^Tf^Utege^ 7e 

P y No r S° n , "FT? ^ additi0n 34 thS initia ' 8,396 is more effectiv6 *™ -nen it is addeJ a ^sni efamount 
.nr^lT -Sr ,tat,0n , ,S °" the Process, and any cx.rwentionany-knc^nZc^ may be 

adopted. A spectf,c example thereof includes a process in which a reaction is conducted at a te^em^fTsn 
235-C ,n a state that water exists in a proportion of 0.5 to 2.4 mo.es per mole ofthe afkS m^afsXe charged^rS 
S^^^T d !h ^ ' n the reaCti ° n SySt6m in a pr °P° rtion of 25 to 7 ° ™^ P« ^ ofth Sl^SSJS 

gSy 0 2 TsTko 1 •nSS ?f .*? nT^ 1 " 6 * 245 - 28 °° a ^ amount of the Polarlo^uiot 
generally 0.2 to 2.0 kg. preferably 0.3 to 1 .0 kg. per mole of the alkali metal sulfide 

The PAS used in the present invention is preferably a linear oolvmer However a PA<i in ,.,h;^h ^ , ^ 
Imogen, substrUrents per molecule In combination. may be used. However, a crosslinked polym^SL bv sS2t. 

2Th! f ^n 00 . 0 " 1 ? reSU,tin9 reSi " com P° sition 0*=°™* '°w in strength such as impact reSance IHhe mSZ 
cosrty .s too h,gh on the other hand, the resulting resin composition becomes poor in. for examS ^ mSS? ? fe 
hence not preferable to use a PAS having such a low or high melt viscosity. example, extrudabilrty. It is 

Pol vol ef in: 

tha n^IS off!" * e r 656 "? ir ^ enti0n iS 3 substantiall V lin «ar copolymer containing ethylene units and «-olef in units 
me number of cartoon atoms of which is 3 to 18. preferably 4 to 12. more preferably 6 to 10 The content tfteaM* 

,5 oSS to0?30 e S °r P ? C "h' vmp^^ ^ 3 ran96 * fr0m ° ■« to 0 •«» «»^^p3lS^ 
.Si!, ^ ?/ Cm LLDPE and VLDPE weria P other in density, and so the boundary between them is -not 
^ clear. In the present invention, however, a linear low density ethylene-a-olefin copolynWfc S asLLDPE^ 
Specrfic examp.es of LLDPE include ethylene^ropylene copolymers. ethylene/lSuSnTSiilif e^ene^i' 
hexene copolymers. ethy1ene/4-methy.-1 -pentene copolymers and ethy.ene/1-o=tene c.^^SS^t^ 



25 



30 



35 



40 



BNSDOCIO <EP 0890616A1 I > 



4 



EP 0 890 616 A1 



those produced using a multi site catalyst such as a Ziegler type catalyst or a Phillips type catalyst, but also those made 
using a single site catalyst such as a metallocene catalyst may be preferably used. Specific examples of trade names 
of LLDPE made using a multi site catalyst include Unipol (UC Corp.), Dowlex (Dow Chemical Co.), Sdair (DuPont Can- 
ada Co.), Mitsubishi Poly-Eth-LL (Mitsubishi Kagaku), Marlex (Phillips Co.) and Ultzex (Mitsui Petrochemical). Specific 
examples of trade names of LLDPE made using a single site catalyst include AFFINITY (Dow Chemical Co) and 
EXACT (Exxon Co.). 

The structure of LLDPE is such that it is more linear compared with the conventional low density polyethylene, but 
it is more branched compared with high-density polyethylene. It often has short chain branches composed of alkyl side 
chains based on the a-olefin at portions of the polymer back bone. LLDPE also includes those modified without sub- 
stantially changing the above structure, for example, graft copolymers thereof. 

VLDPE used in the present invention is a copolymer of ethylene and an a-olefin having 3 to 1 2 carbon atoms, which 
has a density higher than 0.880 g/cm 3 , but not higher than 0.915 g/cm 3 , and preferably of 0.885 to 0.915 g/cm 3 . As 
described above, LLDPE and VLDPE overlap each other in density, and so they are not always clearly distinguished 
from each other. In the present invention, however, a polymer clearly having a straight-chain tendency (linearity) is 
defined as LLDPE. The lower limit of density of LLDPE and VLDPE is higher than 0.880 g/cm 3 , preferably at least 0.885 
g/m 3 The density is a value measured in accordance with ASTM D-1238. 

An ethylene-a-olef in copolymer having a density not higher than 0.880 g/m 3 is generally an elastomer. When such 
an elastomer is used in place of LLDPE or VLDPE in the resin composition according to the present invention, swell 
upon compounding becomes great, so that it is impossible to stably form a strand from the resulting resin composition, 
and difficulty is hence encountered on pelletizing. In addition, it is difficult to obtain an extruded product such as a tubu- 
lar formed product from the resin composition containing such an elastomer. 

LLDPE and VLDPE may be used either singly or in combination. Of these, LLDPE is particularly preferred from the 
viewpoints of impact resistance, moldability and residual stress. 

Epoxy group-containin g a-olefin copolymer : 



The epoxy group-containing a-olefin copolymer useful in the practice of the present invention is a copolymer having 
at least recurring units derived from an a-olefin (i.e., a-olefin units) and recurring units derived from a glycidyl group- 
containing unsaturated monomer (i.e., glycidyl group-containing unsaturated monomer units). Typical examples of the 
epoxy group-containing a-olefin copolymer include (1) copolymers of an a-olefin and a glycidyl group-containing 
unsaturated monomer and (2) graft copolymer precursors obtained by copolymerizing at least one ethylenically unsatu- 
rated monomer and a radical-(co)polymerizable organic peroxide in the presence of a copolymer of an a-olefin and a 
glycidyl group-containing unsaturated monomer. The graft copolymer precursor may be grafted upon its melt kneading 
with other components, or may be melt-kneaded in advance to graft it before its blending with other components. 

The copolymers of an a-olefin and a glycidyl group-containing unsaturated monomer include poly-component 
copolymers containing at least three monomer units of an a-olefin, a glycidyl group-containing unsaturated monomer 
and a further unsaturated monomer in addition to the binary copolymers of both monomers. The content of the a-olefin 
units in the copolymer is generally 50 to 99.5 mass%, preferably 60 to 99 mass%, more preferably 70 to 98 mass%. The 
content of the glycidyl group-containing unsaturated monomer units is generally 0.5 to 50 mass%, preferably 1 to 40 
mass%, more preferably 2 to 30 mass%. The content of the further unsaturated monomer units is generally 0 to 40 
mass%, preferably 0 to 30 mass%, more preferably 0 to 20 mass%. The polymeric form of the epoxy group-containing 
a-olefin copolymer may be any of random, block and graft copolymers. 

Examples of the a-olefin monomer include ethylene, propylene 1 -butene, 1 -hexene, 1 -octene and 4-methyM -pen- 
tene. Among these, ethylene is particularly preferably used. 

Examples of the glycidyl group-containing unsaturated monomer include glycidyl esters such as glycidyl acrylate, 
glycidyl methacrylate, monoglycidyl itaconate. monoglycidyl butenetricarboxylate, diglycidyl butenetricarboxylate, trig- 
lycidyl butenetricarboxylate. monoglycidyl maleate, monoglycidyl crotonate and monoglycidyl fumarate; glycidyl ethers 
such as vinyl glycidyl ether, allyl glycidyl ether, glycidyloxyethyl vinyl ether and styrene-p-glycidyl ether; and p-glycidyl- 
styrene. Among these, the glycidyl esters of a.p-unsaturated acids are preferred. 

Examples of the further unsaturated monomer include vinyl ester monomers such as vinyl acetate and vinyl propi- 
onate, vinyl ether monomers, vinyl aromatic monomers such as (meth)acrylonitrile, styrene and a-methylstyrene and 
carbon monoxide. 

Specific examples of the copolymers of the a-olefin and the glycidyl group-containing unsaturated monomer 
include ethyfene/glycidyl methacrylate copolymers, ethylene/vinyl acetate/glycidyl methacrylate copolymers, ethyt- 
ene/ethyl acrylate/glycidyl methacrylate copolymers, ethyl ene/glycidyl acrylate copolymers and ethylene/vinyl ace- 
tate/glycidyl acrylate copolymers. Among these, ethylene/glycidyl methacrylate copolymers, ethylene/ethyl 
acrylate/glycidyl methacrylate copolymers and ethylene/vinyl acetate/glycidyl methacrylate copolymers are preferred. 
These copolymers may be used either singly or in any combination thereof. 
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The copolymer of the a-olefin and the glycidyl group^ontaining unsaturated monomer can be obtained by subject- 
ing a monomer m.xture containing 50 to 99.5 mass% of the a-olefin. 0.5 to 50 mass% of the glycidyl group-containing 
unsaturated monomer and 0 to 40 mass% of the further unsaturated monomer to high-pressure polymerizSn in me 
oISrT C Th 3 Potation initiator in an amount of 0.0001 to 1 mass% based on the total mass of the mon- 

s omers. The Pressure upon the polymerization is generally 5 to 40 kPa, pr eferably 10 to 35 kPa. The reaction tempera- 

y P° ,yme " z,n9 *e monomer mixture at once or by stages in the presence of a chain transfer agent and an 
optional auxiliary under conditions of these reaction pressure and reaction temperature. 

Examples of the radical polymerization initiator include general-purpose initiators such as peroxides, hydroperox- 
Sl^hT**^ ^ ? Xide cornpounds and ox V9 en - Examples of the chain transfer agent include saturated 
-Jhatehpliocai^and^^ products thereof, such as methane, ethane, butane, isobutane. n-hex- 

^"222? and ^ n,o ; o,orm: saturated a,i P hatic alcohols such as methanol, ethanol. propancl and isopropanol; sat- 
riSSht P ^TT ^r 15 SU ° h 35 aCet ° ne and methyl ethyl ketone: aromatic compounds such aVtoluene. 

,5 JBTlZE Th "S hydr ° 9en - Wh6n a -° lef iS neither Propylene nor 1 " butene - *e« compounds may 

is also be used as the chain transfer agent. 

The graft copolymer precursor obtained by polymerizing at least one ethyfenically unsaturated monomer and a rad- 
.cal-(co)polymer.zable organic peroxide in the presence of a copolymer of an a-olefin and a glycidyl group^ontaining 

'S^TS^^^ * ^ f amP,e - j3paneSe P3tent Laid-Qin No" 

138214/1989 or 129245/1990. This graft copolymer precursor is easily grafted by heating it at 100 to 300°C The term 

thl X mea "L S r at * ie .P° 1 ,ymer of * e 6%'enically unsaturated monomer is chemically bonded to the copolymer of 
he o-oMhn and the glycidyl group-containing unsaturated monomer by graft reaction, crosslinking reaction or mixed 

«S from Th k 6 T t"??* b ° nded Can be Clarifi6d by the fact ««* ^ (co)polymers cannot be sepa- 
ls, f t ? T L y 3 6nt Wh,ch dissolves one (co)polymer therein. As described above, the copolymer of tf» 
ZZlfZ?!! g'y«dyl group-containing unsaturated monomer includes poly^omponent copolymers containing at 
least three monomer unrts. to which a further unsaturated monomer has been copolymerized 
rnJL™ ° f of the a -° ,e,in and glycidyl group-containing unsaturated monomer in the graft 

.TlTZn^hT ' S , ^ y , 5 10 95 maSS%> Preferab,y 20 10 90 maSS% " ,f 1,16 P r °P° rtion of * a copolymer is too 
rTh m reSU,t,n9 ?? COPO ' ymer PrSCUrSOr With PAS becomes '"sufficient. If the proportion is too 

posrbon may be lowered. A proportion of the glycidyl group-containing unsaturated monomer units in the copofymer is 

10 50 ""^ Preferab,y 1 10 40 maSS% ' m ° re preferab, y 2 to 30 «*«*• When g.ycidyl groupSnSng 
2 ^ monomer un.ts are contained in the polymer of the vinyl monomer, the proportion of the g&WgLp ™™- 
tainmg unsaturated monomer umts in the copolymer can be reduced according to the proportion of ttve glycidyl group- 
containing unsaturated monomer unrts contained in the polymer of me vinyl monomer ottnegiycayl group 
Examples of the unsaturated ethylene monomer used in the preparation of the graft copolymer precursor include 
the ^Tm esS ofTmlt 38 ^ md cMoros ^ a = (meth)acr^ ester ninome" su^ as 
re^J^i^J^ 9 yCldy ' 6Ster monomers <* ^-unsaturated ackls; unsaturated nitrile mono- 
mers such as (meth)acrylonitr,le; and vmyl ester monomers such as vinyl acetate. Among these, any of the glycidyl 
ester monomers of ^-unsaturated acids, vinyl aromatic monomers and unsaturated nitrile monomers may^bepS? 
ably used as a mam component. Incidentally, the (meth)acrylic acid means acrylic acid or methacrylic acid 

JliSS? 9 / h ° up - TOntainin 9 i °-° le,in copolymer with the polymer of the ethy.enically unsaturated monomer Chern- 
ov bonded to the copolymer of the a-olefin and the glycidyl group-containing unsaturated monomer by graft reaction 
crosshnk.ng react.on or m.xed reaction thereof can be obtained by copolymerizing such polymers by a chain transfer 
E ' | 0n,2,n9 rad,at | on process or * e '** Hcwever. most preferably, the graft copolymer precursoU can be obtaini 
by (co)polymenz,ng at least one ethyfenically unsaturated monomer using a radical- (co)polymerizable organic perox- 
o^lZ * Peroxymethacryloyloxyethy. carbonate in the presence of a copolymer of an a-olefin a^d a glycS. 
group-containing unsaturated monomer. M 7 7 

in 0rde ;i° prCduce tne 9 raft copolymer precursor, an aqueous suspension is prepared by sus- 
wS On Z^iTT C0PO ' ymer ° f ^ <Z -° le,in and thS 9,yCidy1 ^containing unsaturatS monomer in 
^ ; , ° n ' S Prepafed by dh *° Mn 0. in 5 to *>° Parts by mass of at least one ethylenically 

unsaturated monomer at least one radical-(co)po.ymerizable organic peroxide in a proportion of 0.1 to 10 partTby 

d^m^Zt^ 5 l the - ****** monomer, and a radical polymerization initiator, the 

b^^^nn ° bta,nin{ ? 3 ha>UHe * 10 hou, » ° f **** is 40 to in a of 0.01 to 5 parts 

by mass per 100 parts by mass in total of the ethylenically unsaturated monomer and the radical-(co)nolymerizable 

Se d^S^on^T W h S f? t0 ^ aqUS0US SUSPenSi ° a and the mixture was heated und^condS^ 
that tt,e decomposrtion of the rad.cal polymenzaton initiator does substantially not occur, thereby impregnating the 

copolymer of the «k> ef ,n and the glycidyl group-containing unsaturated monomer with the ethy.enic^ msaturaS 

monomer. rad.cal-(co)polymerizable organic peroxide and radical polymerization initiator. Thereafter, the temperature 
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of the aqueous suspension is raised to copolymerize the ethylenically unsaturated monomer and the radical-(co)polym- 
erizable organic peroxide in the copolymer, thereby producing the graft copolymer precursor. 

This graft copolymer precursor is melted and kneaded at 100 to 300°C, whereby an epoxy group-containing a-ole- 
f in copolymer of the structure that the polymer of the ethylenically unsaturated monomer is chemically bonded to the 

s copolymer of the a-olefin and the glycidyl group-containing unsaturated monomer can be obtained. The graft copolymer 
precursor may be grafted at the time it is melted and kneaded with PAS and other components. Preferably, the epoxy 
group-containing a-olefin copolymer of the structure that the polymer of the ethylenically unsaturated monomer is 
chemically bonded to the copolymer of the a-olefin and the glycidyl group-containing unsaturated monomer is prepared 
in advance, and this copolymer is melted and kneaded with PAS and other components. 

10 Examples of the radical- (co)polymerizable organic peroxide used in the preparation of the graft copolymer precur- 
sor include compounds represented by the following formula ( 1 ) : 



75 



CH 2 =C-C-(CH 2 -CH-0) ra -C-0-0-C-R 5 
■II I II I 

Ri O R 2 O R 4 



(1) 



wherein is a hydrogen atom or an alkyl group having 1 or 2 carbon atoms, R 2 is a hydrogen atom or a methyl group, 
R 3 and R 4 are individually an alkyl group having 1 to 4 carbon atoms, R 5 is an alkyl group having 1 to 12 carbon atoms! 
a phenyl group, an alkyl-substituted phenyl group, or a cycloalkyl group having 3 to 1 2 carbon atoms, and m is 1 or 2. 
Other examples of the radicai-(co)polymerizable organic peroxide include compounds represented by the followinq 
25 formula (2): 



Re 
I 

CH 2 =C-CH 2 -O-(CH 2 -CH-O) n -C-O-O-C-R 10 (2) 
1 I l| I 

R$ R 7 O R 9 



wherein R 6 is a hydrogen atom or an alkyl group having 1 to 4 carbon atoms, R 7 is a hydrogen atom or a methyl group, 
35 R 8 and R 9 are individually an alkyl group having 1 to 4 carbon atoms. R 10 is an alkyl group having 1 to 1 2 carbon atoms! 
a phenyl group, an alkyl-substituted phenyl group, or a cycloalkyl group having 3 to 12 carbon atoms, and n is 0, 1 or 2. 

Examples of the radical-(co)polymerizable organic peroxides represented by the formula (1) include t-butyl-per- 
oxy(meth)acryloyloxy(ethoxy)ethyl carbonate, t-amyl-peroxy(meth)acryloyloxy(ethoxy)ethyl carbonate, t-hexyl-per- 
oxy(meth)acryloyloxy(ethoxy)ethyl carbonate, cumylperoxy(meth)acryloyloxy(ethoxy)ethyl carbonate and p- 
40 isopropylperoxy(meth)acryloyloxy(ethoxy)ethyl carbonate. Examples of the radical-(co)polymerizable organic perox- 
ides represented by the formula (2) include t-butylperoxy-(meth)allyl carbonate, cumylperoxy(meth)allyl carbonate and 
t-butylperoxy(meth)allyloxyethyl carbonate. 

Among these, t-butylperoxyacryloyloxyethyl carbonate, t-butylperoxymethacrytoyloxyethyl carbonate, t-butylper- 
oxy-allyl carbonate and t-butyiperoxymethacryl carbonate are preferred. 

45 

Resin composition: 

The resin compositions according to the present invention are resin compositions comprising a PAS (a), a polyole- 

fin (b) and an epoxy group-containing a-olefin copolymer (c). 
so Compounding proportions of the individual components are as follows. The PAS (a) is 98 to 50 mass%, the poly- 

olefin (b) is 1 to 25 mass%, and the epoxy group-containing a-olefin copolymer (c) is 1 to 25 mass%. As the polyolef in, 

at least one polyethylene resin selected from the group consisting of LLDPE and VLDPE is used. 

If the compounding proportion of the PAS is too low, the excellent properties inherent in the PAS, such as heat 

resistance, chemical resistance, flame retardance, electrical properties and dimensional stability, are impaired. If the 
55 compounding proportion of the PAS is too high, the effect of improving physical properties such as impact resistance 

becomes insufficient The compounding proportion of the PAS is preferably 95 to 60 mass%, more preferably 90 to 70 

mass%. 

The polyethylene resin and epoxy group-containing a-olefin copolymer are compounded into the PAS with both 
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rTS^lZ?,^.!" SPe ? iC ~ mp T din 9 Portions, whereby a resin composition having excellent impact 
^stance and moldabilrty can be obtained. In addition, extruded products such as tubular formed products, which are 
exfremely low ,n residua, stress, can be obtained from this resin composition. When only one of the polyethylene resin 
and epoxy group-conta.n,ng a-olef.n copolymer is compounded into the PAS. any resin compositionhaving excellent 

S J?" 1 , ? of improving impact resistance becomes insufficient. In addition, when the resulting resin corn- 
ed nn! S t? 0 3 "** f ° rmed Pr0dUCt ° r the " ke - rtS residual stre5S becomes ^ an elastomers Sed 
as the polyolefin (b). any resin composition having good extrudability cannot be obtained 

are ^^JS^T ^ ° f 1,16 P 01 ^ 8 " 8 resin and the epoxy group-containing a-olefin copolymer 

DounTnn^Sn. ^ atoV6, " reS ' n com P° sition ha ™9 9°<* Properties can be obtained even when the com- 
Z^TT « « hese K com P° nents are 'owered. whereby extruded products highly retaining the various prop- 
J? ^" Pr ° d9d - ^ com P° undin 9 P^o" ° f *e Polyethylene resin of the component^) 
2 10 , 20 mas f^ P fef erab| y 3 to 1 5 mass%. The compounding proportion of the epoxy groTcontaS 
.ng a-olef,n copolymer of the component (c) is preferably 2 to 20 mass%. more preferably 3 to 15 mass% 
to thl" i^^ 656 " 1 ,men t° n : * is "fessary to control a mass ratio (b:c) of the polyolefin (b) (i.e. . the polyethylene resin) 

lo^n^r h up ;r ,n9 ^ ,ef,n copoiymer (c) a ran9e from 1:5 to 51 »* oonpS* L US ed ^ 

comb.nat.on wrth.n the range of th.s mass ratio, whereby a resin composition far excellent in variousproperties such as 

Z2 ST" ^ *S A ^ rati ° OUteide 1,16 abwe ra "9 e resulte in a — " conposi3ln^n 

iripact resistance .n particular. The mass ratio (b:c) is preferably from 1 :3 to 4:1 , more preferably from 1 2 to 3 1 

rw r 1 C T POSit, ' 0ns fording to the present invention, it is necessary to respectively disperse the polyolefin 

Si htl e s P ° ,yethylene T. n> ^ * 6 SPOXy 9™P«°^ning «-o<ef in copolymer (c, in the fWmatrix as LepaZ 

S^S^^S^ ° 1 °i° 3 °°/ m - 3Vera9e Partide SiZS iS dStermined throu 9 h a ^nsmiLion 
SS^Tr^T^ components are d.spersed in the PAS as such fine particles, whereby a resin compo- 

^Z^^.^^JTTT ^ 85 imPaCt rSSiStanCe 3nd m °' dability 030 be obWned - ,n addi « 0 "- »*Sr 
formed products and the lite when are extremely low in residual stress, can be obtained from this resin composition 

The average particle s. 2 e of the polyethylene resin is preferably 0. 10 to 3.00 urn, more preferably 0 13 to 2 OoTm most 

ESS nn °° Mm 3Vera9e Partide SiZS ° f the W group-containing a-olefin copo,ymerfs 

0.10 to 3.00 urn. more preferably 0.13 to 2.00 urn, most preferably 0.16 to 1 00 urn 

By the way. rt has been found that when a polyethylene resin having a bond strength of at least 30 N/20 mm to an 
dSTT? a "° lef n C ° PO,ymer ' Particular,y - a 9 raft * obtained by melting and kneading the abov^ 
SSS^SSST- "T**"*? 9raft » < ie - *» W group-containing a-olefin copolymer of the sLcture^hat 
the polymer of the ethylenically unsaturated monomer is chemically bonded to the copolymer of the a-olefin and the gly 
cdyl group-containing unsaturated monomer) is selected as said at least one polyethylene resin selected from fte 
group consisting of LLDPE and VLDPE. a formed product, for example, a tubular formed ^^SZuS^Z 
intnlrf 22 ^ ^ *! reSU ' ting r6Sin C ° mpOSition b -omes P extremely low in ridS^ aSSSS 
Lu^^n ™ P ' Pe ST 9 m ^ diameter °f 1 1 5 mm and a wall thickness of 6.2 mm is extruded from 
such a resin composition, the residual stress of the pipe can be reduced to 4 MPa or lower, preferably 3 MPa oMowe/ 

ZZn XT y 3 ° r "T r many CaSeS " " iS 3150 pOSSible to reduce *• residual to 0?MP^ oMowJ-Te 
detail of the measuring method of the bond strength is described in EXAMPLES 

adni 0 ?<fn^ n J°^ Si ! i0, !f aCCOrdin9 l ° ^ pr6Sent invention> other resins and va "ous additives may be suitably 

£S 7 « .' n $ " 0t ' mpedin9 th6 ° bjeCtS ° f the present inven,ioa Preferable exam P'es of me other res 
ins include aromatic polyester resins, polyamide resins and polysulfone resins. Examp.es of the additives include uira- 
violet absorbents, pigments, antioxidants and fillers. inwuue urera 

™. ,^? e J2| er ' "** 66 c f mpounded an ^organic filler in the form of powder, plates or fiber. The inorganic filler is com- 

Tm d J oTTh" 1 3 fan9e 9enera " y ^ ° l ° 150 P3rtS by maSS " Preferab,y ,rom 0 to 100 P ar * by miss, per 100 £ni 
m^,rl ~ T n COm l P ° S,t,0, : acCordin 9 to the P resent inv ^«°n. Examples of the inorganic filler include powdery 
f -Hers such as calc-um sulfate, calcium silicate, clay, diatomaceous earth, talc, alumina, quartz sand glass powdeT wZ 
oxide, metal powders, graphite, silicon carbide, si.icon nitride, silica, boron nrtride. aluminum nitride aS ca^n S 
p laty or teky fillers such as mica, sericite. pyrophyllite. metal flakes such as aluminum flake, and graphrte^Sow f £ 
glass bal oons. metal balloons, shiiasu balloons and pumice stone; and mineral fibers such as glasSibe^'caSfibe? 
graphite f^er. whiskers, meta. fibers, si.icon carbide fiber, asbestos and wo.lastonite. The inorganS i £ SjS^S 

. in compositions according to the present invention can be obtained by melting and kneading the individual 

components in a temperature range of from the crystalline melting point of the PAS to 350°C. prefefab^ fr m tte Sys 

^^ ZT^^ t0 32 °; C WtH reSP6Ct t0 ° r6& 0i ™* n ° and a^rnZent^ 
be melted and kneaded at the same time, or the components (b) and (c) are melted and kneaded in advance arrithe 
mixture thus obtained may be then kneaded with the PAS. .n particuiar. it is preferred that the conponeTb7me?han 
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ically mixed in advance in a tumbler, Henschel mixer or the like, and then melted and kneaded in an extruder. 

The resin compositions according to the present invention can be formed or molded into various formed or molded 
products such as sheets, films, tubes, pipes, plates and rods by conventional melt processing techniques such as injec- 
tion molding and extrusion. When the resin compositions according to the present invention are formed into extruded 
products such as pipes (tubular formed products), plates and rods, the residual stresses of the resulting formed prod- 
ucts can be made extremely low. 

EXAMPLES 

The preferred embodiments of the present invention will hereinafter be described more specifically by the following 
Preparation Examples, Examples and Comparative Examples. 

Physical properties in the examples were measured in accordance with the following respective methods. 

(1) Average particle size: 

Transmission electron microscope were taken using samples cut out of a specimen obtained by injection molding, 
and particle sizes of respective disperse particles were measured (n = 30) from these photographs to determine aver- 
age values thereof. 

(2) Izod impact strength: 

A specimen obtained by injection molding was used to measure its Izod impact strength (notched) in accordance 
with ASTM D-256. 

(3) Adhesive bond strength: 

Adhesive bond strength between the polyolefin (b) and the epoxy group-containing a-olef in copolymer (c) was 
measured in the following manner. 

A sheet of each polymer was produced by holding 6 to 7 g of the polymer between ferroplates coated with a poly- 
tetrafluoroethylene sheet to press the polymer. The press temperature was 150°C. After the pressing was conducted 
for 1 minute under no load and then for 5 seconds under a load of 2 MPa, the sheet thus formed was taken out of the 
press machine and allowed to cool in the air. 

The sheets of the polyolefin (b) and the epoxy group-containing a-olefin copolymer (c) thus obtained were put 
together with an aluminum foil coated with a release agent (Daifree, trade name, product of Daikin Industries. Ltd.) inter- 
posed therebetween in such a manner that its area amounted to one third of the area of each sheet. The sheets put 
together were then set in a frame 0.5 mm thick and held between ferroplates coated with a polytetraf luoroethylene sheet 
(thickness: 300 \xm) to press the sheets. The press temperature was 200°C. After the pressing was conducted for 2 min- 
utes under no load and then for 10 seconds under a load of 0.98 MPa, the resultant laminate sheet was taken out of the 
press machine and allowed to cool in the air. 

The thus-obtained laminate sheet was subjected to a peeling test using a Tensilon. The peeling test was conducted 
by means of the Tensilon under the following conditions: 

Sample size: 20 mm wide; 

Length of a portion to be peeled: 40 mm. 

The measuring conditions of the Tensilon were as follows: 

Load ceil: 5 kg; 

Peel rate: 50 mm/min; 

Distance between chucks: 10 mm. 

Incidentally, the peeling was started from a position where the sheets were separated with hands by about 2 to 3 mm 
in width. The thus-obtained peel strength was defined as the bond strength (N/20 mm) between both polymer compo- 
nents. 

(4) Modulus in flexure: 

Measured in accordance with ASTM D-790. 
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(5) Residual stress: 

A pipe (tubular formed product) obtained by extrusion was cut into lengths of 50 mm in a direction of extrusion to 
measure an outer d.ameter (D 0 ; cm) and a wall thickness (t; cm) of the cut pipe. Cuts were then made in peripheral por- 
tions of the cut pipe at intervals of 40 mm in parallel in the extrusion direction to make vertical splits in-the cut pipe 
thereby measuring an outer diameter (D,; cm) of the cut pipe at this time. 

The residual stress of the pipe was determined in accordance with the following equation: 

S = Extx[(1/D 1 )-(1/D 0 )] 

wherein 



S: residual stress [MPa], 
E: modulus in flexure [MPa], 
is t: wall thickness of the pipe [cm], 

D 0 : outer diameter of the pipe before the cutting [cm], 
D-, : outer diameter of the pipe after the cutting [cm]. 



so 



[Preparation Example 1] 

Epoxv ar ouD-containino a-olefin copolymer (c-1) - 



A 5-liter autoclave made of stainless steel was charged with 2500 g of purified water, and 2.5 g of polyvinyl alcohol 
as a suspending agent were dissolved in the water. In the solution, were placed 700 g of an ethylene/glycidyl methacr- 

25 ylate copolymer (content of glycidyl methacrylate: 15 mass%; Nisseki Lexpal J3700, product of Nippon Petrochemicals 
Co Ltd.) as an epoxy group-containing a-olefin copolymer. The resultant mixture was stirred in a nitrogen atmosphere 
to form a dispersion. On the other hand. 1.5 g of benzoyl peroxide as a radical polymerization initiator and 6 g of t- 
butylperoxymethacryloyloxyethyl carbonate as a radical-polymerizable organic peroxide were dissolved in 300 g of stv- 
rene. This styrene solution was poured into the autoclave and stirred. 

30 The autoclave was heated to 60-65-C. and the mixture was stirred for 2 hours to impregnate the ethylene/glycidyl 
methacrylate copolymer with the styrene solution containing the radical polymerization initiator and the radical-polym- 
erizable organic peroxide. The temperature was then raised to 80-85->C, and the reaction mixture was held for 7 hours 
in this state to complete polymerization. The thus-obtained product was then washed with water and dried to obtain a 
graft copolymer precursor. 

35 The graft copolymer precursor was then extruded from an extruder at 200°C to allow the precursor to chemically 
react, thereby obtaining an epoxy group-containing a-olefin copolymer (c-1 ). 

[Preparation Example 2] 
40 Epoxv group-containing q-olefin co p olymer fc-2) : 

An epoxy group-containing a-olefin copolymer (c-2) was obtained in the same manner as in Preparation Example 
1 except that the amounts of the ethylene/glycidyl methacrylate copolymer (content of glycidyl methacrylate- 15 
mass^ and styrene in Preparation Example 1 were changed from 700 g to 600 g. and from 300 g to 400 g respec- 
45 tively. ^ 

[Example 1] 

Respective components of their corresponding compounding proportions shown in Table 1 were mixed in advance 
so ,n a tumbler and then melted and kneaded at a barrel temperature of 280 to 320°C in a twin-screw extruder to extrude 
the melt into a strand. The strand was cooled and then chopped into pellets. The thusK>btained pellets were injection- 
molded at a cylinder temperature of 280 to 320°C by an injection molding machine to form a specimen which was to be 
used for measuring the properties of the resuttant resin composition. The results are shown in Table 1 . 

55 [Examples 2 to 19 and Comparative Examples 1 to 7] 

Specimens and pipes were produced in the same manner as in Example 1 except that the respective components 
and compounding proportions thereof were changed as shown in Table 1 . The results are shown in Table 1 . 



10 

BNSDOCI& <EP_0e90616AI_l_> 



EP0 890 616 A1 

(Respective polymer components) 

The respective polymer components used in these Examples and Comparative Examples were as follows: 
5 (1) PPS: 

"FORTRON KPS", trade name; product of Kureha Chemical Industry Co., Ltd. [poly(phenylene sulfide)" melt 
viscosity measured at 3 1 0°C and a shear rate of 1 200/sec: 380 Pa • s] 

(2) LL1: 

"Mitsubishi Poly-Eth-LL UF240", trade name; product of Mitsubishi Kagaku Co., Ltd. (linear low density poi- 
re yethylene; density: 0.920 g/cm 3 ). 

(3) LL2: 

"Ultzex 1 520L", trade name; product of Mitsui Petrochemical Industries, Ltd. (linear low density polyethylene- 
density: 0.915 g/cm 3 ). 

(4) LL3: 

"Affinity PF1 140", trade name; product of Dow Chemical Co. (linear low density polyethylene; density 0 895 
g/cm 3 ). 

(5) LL4: 

"Exact 3027", trade name; product of Exxon Co.) 
(linear low density polyethylene; density: 0.900 g/cm 3 ). 

20 (6)VL: 

"Nisseki Softlex D9010", trade name; product of Nippon Petrochemicals Co., Ltd. (very low density polyeth- 
ylene; density: 0.900 g/cm 3 ). 

(7) L: 

"Nisseki Lexlon J40", trade name; product of Nippon Petrochemicals Co.. Ltd. (low density polyethylene- 
25 density: 0.920 g/cm 3 ). 1 

(8) c-1: 

The epoxy group-containing a-olef in copolymer prepared in Preparation Example 1 
(8)c-2: 



75 



30 



35 



40 



The epoxy group-containing a-olefin copolymer prepared in Preparation Example 2. 
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Table 1 







Resin composition 


Phys/ 3 
prop. 




— Con \(. 


>onenT -[&) 


* " = ^Gomponent (b) — " 


Component^) 


Mass 
ratio 
(b): (c) 


Adhesive 

bond 
strength 
(N/20 mm) 


Izod- 
impact 
strength 

(J/m) 




Kind 


Prop. 
(%) 


Kind 


Prop. 
\ /o J 


APS" 1 
(fim) 


Kind 


Prop. 

/o/ \ 

(%) 


APS" 1 
Oxm) 








Ex. 1 


PPS 


90 


LL1 


2 


n oo 


C-l 


8 


0.33 


1 :4 


43 


175 


Comp. EX. 1 


PPS 


90 


L 


o 


n qc 


C-l 


8 


0.39 


1 :4 


0.25 


120 


Ex. 2 


PPS 


90 


LL1 


\j 


n or 


C-l 


5 


0.19 


1 :1 


43 


180 


Ex. 3 


PPS 


75 


LL1 




n A"\ 


C-l 


20 


0.80 


1 :4 


43 


600 


Comp. Ex. 2 


PPS 


75 


L 


*z 


U.OO 


c-1 


20 


0.98 


1 :4 


0.25 


410 


Ex. 4 


PPS 


85 


LL1 


1 u 


n co 


c-1 


5 


0.28 


2:1 


43 


250 


Ex. 5 


PPS 


85 


LL2 


in 


n d 


c-1 


5 


0.29 


2:1 


44 


260 


Ex. 6 


PPS 


I 85 


1— 1— o 


in 


n 

U.OO 


c-1 


5 


0.26 


2:1 


46 


270 


Ex. 7 


PPS 


85 




in 


v. of 


c-1 


5 


0.28 


2:1 


45 


270 


Ex. 8 


PPS 


85 


VL 


in 


U. to 


c-1 


5 


0.29 


2:1 


31 


200 


Comp. Ex. 3 


PPS 


85 


|_ 




n pp 


C-l 


5 


0.28 


2:1 


0.25 


115 


Ex. 9 


PPS 


85 


LL1 




n r& 

U.OO 




5 


0.23 


2:1 


44 


245 


Ex. 10 


PPS 


85 


LL3 


1 u 


n 

U.OO 




5 


0.29 


2:1 


45 


280 


Ex. 11 


PPS 


85 


VL 


m 


n 7ft 


C-<£ 


5 


0.32 


2:1 


32 


195 


Comp. Ex. 4 


PPS 


85 


L 


10 


0.92 


C-2 


5 


0.31 


2:1 


0.20 


110 


Ex. 12 


PPS 


75 


LL1 


10 


0.69 


c-1 


15 


0.56 


2:3 


43 


455 


Ex. 13 


PPS 


75 


LL2 


10 


0.65 


c-1 


15 


0.58 


2:3 


44 


435 


Ex. 14 


PPS 


75 


LL3 


10 


0.60 


c-1 


15 


0.52 


2:3 


46 


455 


Ex. 15 


PPS 


75 


LL4 


10 


0.61 


c-1 


15 


0.79 


2:3 i 


45 


460 


Ex. 16 


PPS 


75 


VL 


10 


0.89 


c-1 


15 


0.63 


2:3 


31 


390 


Comp. Ex. 5 


PPS 


75 


L 


10 


0.98 


c-1 


15 


0.70 


2:3 


0.25 | 


250 


Ex. 17 


PPS 


75 


LL2 


10 


0.61 


c-2 


15 


0.56 


2:3 


43 


445 


Ex. 18 


PPS 


75 


LL4 


10 


0.60 


C-2 


15 


0.60 


2:3 


46 


450 


Comp. Ex. 6 


PPS 


75 


L 


10 


1.10 


c-2 


15 


0.73 


2:3 


0.20 


290 


Ex. 19 


PPS 


75 


LL1 


20 


1.20 


c-1 


5 


0.32 


4:1 


43 


300 


Comp. Ex. 7 


PPS 


75 


L 


20 


1.40 


c-1 


5 


0.37 


4:1 


0.25 


90 ! 



45 



50 



*2: Adhesive bond strength between (b) and (c). 
*3: Physical properties. 
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(Physical properties) 



atJ SS? Z * T + PO t° nS Jr e L e Se,6Cted fr0m am0n9 th0se prepared in »» a"*** Examples and Compar- 
ative Examples, and the pellets obtained above were used to form pipes (tubular formed products) of their correspond- 
>ng outer d.ameters (D 0 ) and wall thicknesses shown in Table 2 in accordance with an o£ ide diameter Jz^Sei 
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by a single-screw extruder the cylinder and die temperatures of which were each preset to 280-320°C, thereby meas- 
uring their flexural modulus, outer diameters (D^ after cutting the pipes and residual stresses. The results are shown 
in Table 2. 



Table 2 





Physical properties of tubular formed product 




Wall thickness of tubular 
formed product (mm) 


flexural modulus 
(MPa) 


D 0 (mm) 


(mm) 


Residual stress 
(MPa) 


Ex. 4 


6.15 


3000 


115.02 


114.94 


0.11 


Ex. 12 


6.17 


2800 


115.00 


114.96 


0.05 


Ex.5 


6.23 


3050 


114.96 


114.88 


0.12 


Ex. 6 


6.24 


2950 


115.02 


114.84 


0.25 


Comp. Ex. 3 


6.20 


3100 


115.04 


107.34 


11.98 


Comp. Ex. 5 


6.21 


2800 


114.95 


108.49 


9.01 



20 

[Comparative Examples 8 to 10] 



Specimens and pipes were produced in the same manner as in Example 1 except that an elastomer was used in 
place of the polyolef in (b) t and respective components of their corresponding compounding proportions shown in Table 
25 3 were used. Toughmer A-4085* (trade name; ethylene/butene copolymer; product of Mitsui Petrochemical Industries, 
Ltd. ; density: 0.880 g/cm 3 ) was used as the elastomer (E). The results are shown in Table 3. The results of Examples 
12, 17 and 19 corresponding to these Comparative Examples 8to 10 are also shown collectively in Table 3. 

(Moldability) 

30 

The Moldability of the resin compositions was judged in accordance with the following standard: 

A: Pelletizing and extrusion of pipe were stably feasible; 
B: Pelletizing and extrusion of pipe were somewhat unstable; 
35 C: Die swell upon compounding was too great to stably melt-extrude the resin composition into a strand, so that it 
was difficult to pelletize, and extrusion of pipe was infeasible. 



Table 3 





Resin composition 


Moldability 




Component (a) 


Component (b) 


Component (c) 


Mass ratio 
(b):(c) 


Bond" 1 
strength 
(N/20 mm) 






Kind 


Prop. (%) 


Kind 


Prop. (%) 


Kind 


Prop. (%) 








Ex. 12 


PPS 


75 


LL1 


10 


c-1 


15 


2:3 


43 


A 


Ex. 17 


PPS 


75 


LL2 


10 


c-2 


15 


2:3 


43 


A 


Ex. 19 


PPS 


75 


LL1 


20 


c-1 


5 


4:1 


43 


A 


Comp. Ex. 8 


PPS 


75 


E 


20 


c-1 


5 


4:1 ; 


30 


C 


Comp. Ex 9 


PPS 


75 


E 


10 


c-1 


15 


2:3 


30 


C 


Comp. Ex. 10 


PPS \ 


75 


E 


10 


c-2 


15 


2:3 


32 


C 



*1 : Bond strength between (b) and (c). 
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INDUSTRIAL APPLICABILITY 

nron^ din h t0 ? e off 5. TOntion ' ^ are P rovided re * n compositions which highly retain various excellent 
5 SS3JLT?SL" Z - ^ reSiStanC6, Ch6miCa ' reSiStanCe ' flame electrical properties and 

SSEJS l^T* , ,nVe Z f ° rmed int ° tUbU ' ar formed producte such as P f P es or articles. the 
SEE? 'iT^" *! 6Xtreme,y ,0W " 7,16 resin ^nPo^ons according to the present invention can be 

surtably used m wide f .elds such as electrical parts and automotive parts making good use of their excellent propertied 

io Claims 

^S^^^erST^ 9 9 P 01 ^ 3 ^' 6 " 6 SUtfide) (a) ' a P° | y° l6,in <*» and an epoxy group-containing a-olefin 



(1) the P^arylene sulfide) (a), the polyolefin (b) and the epoxy group-containing a-olefin copolymer (c) are 
compounded in proportions of 98 to 50 mass%. 1 to 25 mass% and 1 to 25 mass%. respectively. 

(2) the polyolef.n (b) is at least one polyethylene resin selected from the group consisting of linear low density 
polyethylene and very low density polyethylene, 

20 f\ a a nd aSS rati ° ^' C) * POly ° lef in (b) t0 * B 3 r °"P^ontaining a-olefin copolymer (c) is from 1 :5 to 

(4) the polyolefin (b) and the epoxy group-containing a-olefin copolymer (c) are respectively dispersed in the 
poly(arylene sulfide) (a) as fine particles having an average particle size of 0.10 to 3.00 urn. 

The resin composition according to Claim 1. wherein the poly(arylene sulfide) (a) is poly(phenylene sulfide). 

The resin composition according to Claim 1. wherein the linear low density polyethylene and the very low density 
polyethylene each have a density higher than 0.880 g/cm 3 . w 

^X^S^i^S 10 °*° "" herS,n POly °' e,in "» 15 ^ ""^Po*-**. having a 

ZZ^££%£^l c Z2£* m "' ,h8 co,yote " n " 15 linear ta *"* 



25 



30 



35 



2. 
3. 



7. 



The resin composition according to Claim 1 , wherein the epoxy group-containing a-olefin copolymer (c) is an a-ole- 

E2t i « ^ C ° PO,ymer C ° mainin9 50 0 10 995 mass% of «^efin unhte and 0.5 to 50 0 

^0 mass%of a.p-unsaturated acid glycidyl ester units. 

8 ' ™n!™ C ° mPOSiti0 , , L aCCOrdi ? 9 10 Claim 1 ' Wherein the bond ^"S* 1 belween *» ^yo^'n (b) and the epoxy 
group-containing a-olefin copolymer (c) is at least 30 N/20 mm. 

45 9 " I? 6 T n COmpOSition accordin 9 to Claim 1 . wherein the epoxy group-containing a-olefin copolymer (c) is a graft 
SSTVT UrS ° r < 5 tained by P ° ,ymeri2in 9 at ieast one ethylenically unsaturated monomer and at least one 
ymeT orgamc peroxide in the presence of an a-olef in/a.p-unsaturated acid glycidyl ester copol- 

50 1 °' 3^t r ^t n a M r?r iti0 « aCCOrdin £ 10 C ' aim 1 ■ WhereiP the epoxy Srou^containing a-olefin copolymer (c) is a copol- 
ymer obtained by grafting a graft copolymer precuisor obtained by polymerizing at least one ethylenically unsato- 

^^^^^^^^ P-* * - of an a-olefi.a,- 

12. The resin composition according to Claim 1 . wherein a compounding proportion of the epoxy group-containing a- 
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olefin copolymer (c) is 3 to 15 mass%. 

13. The resin composition according to Claim 1 , wherein a mass ratio (b:c) of the polyolefin (b) to the epoxy group-con- 
taining a-olefin copolymer (c) is from 1 :2 to 3:1 . 

5 

14. The resin composition according to Claim 1 , wherein the polyolefin (b) is dispersed in the poly(arylene sulfide) (a) 
as fine particles having an average particle size of 0. 1 3 to 2.00 urn. 

15. The resin composition according to Claim 1 , wherein the polyolefin (b) is dispersed in the poly(arylene sulfide) (a) 
io as fine particles having an average particle size of 0. 1 6 to 1 .00 urn. 

16. The resin composition according to Claim 1. wherein the epoxy group-containing a-olefin copolymer (c) is dis- 
persed in the poly(arylene sulfide) (a) as fine particles having an average particle size of 0. 13 to 2.00 fim. 

15 17. The resin composition according to Claim 1, wherein the epoxy group-containing a-olefin copolymer (c) is dis- 
persed in the poly(arylene sulfide) (a) as fine particles having an average particle size of 0. 16 to 1 .00 \xm. 

18. An extruded product obtained by extruding the resin composition according to any one of Claims 1 to 17. 

20 1 9. The extruded product according to Claim 1 8, which is a tubular formed product. 



25 



30 



35 
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